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In September of 1982, the Federal Aviation Adminis-
tration <FAA> in Oklahoma City, Oklahoma, requested that 
the Department of Clothing, Textiles and Merchandising, 
Oklahoma State University <OSU>, design a prototype thermal 
protective life preserver for passengers in aircraft during 
over-water flights. Specifications given by the FAA were: 
1) The life preserver should provide increased ther-
mal protection in the event of accidental submersion in 
cold waters 
2) The life preserver should provide thirty-five 
pounds of buoyancy 
3) The life preserver should self-right the wearer in 
five seconds 
4) The life preserver should be capable of being 
donned by an adult in fifteen seconds 
5) The life preserver should fit individuals from the 
5th percentile of adult females to the 95th percentile of 
adult males in the United States population 
6) The life preserver should meet the airlines• 
weight and storage specifications 
As a safety measure, the FAA requires that all over-
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water flights must carry life preservers and other safety 
flotation devices for civilian passengers and crew. How-
ever, no provisions are made to protect immersed victims 
from cold water. Boutelier (1979) stated that 47 percent 
of the ocean waters have a temperature of less than 20°C. 
The ocean waters off the coast of the United States and 
Canada range from oac to 15°C during the winter <Boutelier, 
1979>. In the United States, 215 airports have large 
bodies of water near the airport departure and approach 
areas. The Air Line Pilots Association's committee reports 
that 78 percent of airliner accidents occur in takeoff~ 
climbing, approach and landing <Brooks, 1985). 
The problem of providing thermal protection for in-
dividuals accidentally submerged in cold water is acknow-
ledged by military forces, offshore oil industries, and 
fishing fleets. However, with an increase in oversea air 
traffic, the FAA is concerned with the safety of civilian 
passengers who are being exposed to the potential of acci-
dental immersion in cold water. If this type of accident 
occurs in water below 18°C, special protection is needed 
if victims are to survive long enough for rescue efforts 
to be successful <Boutelier~ 1979). Currently, the only 
protection available for civilian passengers is a personal 
flotation device CPFD> that prevents drowning. Passengers 
are protected, yet doubt remains as to whether the passen-
gers are sufficiently protected. Three commonly criti-
cized design features of the personal flotation device 
are: <1> it encompasses only the neck area and no thermal 
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protection is provided to the rest of the body; <2> the 
mean donning time for currently used personal flotation 
devices ranged from 28 to 37.6 seconds <Rasmussen and 
Steen, 1983); and (3) when inflated, the cells form a "V'' 
which channel the water directly to the face, which 
increases the possibility of drowning. 
If a life preserver provided a measure of thermal 
protection, the chances of death caused by hypothermia are 
not only decreased, but the chances of death caused by 
drowning may also be decreased. For example, Golden (1983, 
p. 37> reported the problem of drowning in cold water as 
Normally if you keep your back to the wave, the 
wave goes over the head, but when you stop making 
that physical effort to keep your back to the 
waves your legs act as a sea anchor, the top of 
the body is buoyant, the next wave that comes 
pushes the top of the body around and you are 
facing the oncoming wave; you quickly drown in 
that situation when you lose control of respira-
tion. It depends very much on the frequency of 
the wave and how much you are able to control 
your respiration and judge when the next wave is 
coming. The small scurring wave going across the 
big wave is difficult to judge. The minute you 
inhale a bit of water you start a cough reflex 
and you have lost all control of respiration at 
that stage and you very quickly drown. It may 
well be that the fifty percent survival time 
figure that we have looked at in the graphs is 
related to that; it is the time when conscious-
ness is impaired to a degree when drowning occurs 
and that just occurs when you lose about 2 or 3 
degrees in body temperature. 
Thus, when determining the degree of thermal protection re-
quired, the deep body temperature before the time when 
consciousness is impaired should be considered. According 
to Beckman, Reeves, and Goldman (1966) conscious muscular 
activity is lost at 34.4°C. 
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The following accidents demonstrate the necessity of a 
thermal protective life preserver <Higgins, Funkhouser, and 
Saldivar, 1982). 
SS Lakonia, December 1963, Ship fire with evacuation: 
1) Two hundred passengers and crew, all wearing life 
preservers, were immersed 
2> The rescue operation was effective in approxi-
mately three hours 
3> All passengers and crew survived 
4> The water temperature of 18°C <64°F) was a poten-
tial problem <p. 2) 
SS Prinsendam, October 1980, Ship fire with evacua-
tion: 
1> Five hundred nineteen passengers and crew entered 
life boats 
2> Though less than 100 miles from land, the rescue 
operation, using ships and helicopters, required 
12 hours 
3) All passengers and crew survived 
4> The water temperature of 14°C <57°F) was a poten-
tial problem <p. 2) 
Shetland Islands HS-748, July 1981, Unsuccessful 
aircraft takeoff with water impact 50 meters from 
land: 
1) Most passengers were not able to obtain life pre-
servers from under the seat 
2) Airport ground rescue equipment was near the site 
in two minutes but was not effective 
3) Two helicopters were over the site within four 
minutes but were not effective due to the weather 
conditions 
4) Of the 47 aboard, 17 drowned, ten outside the 
aircraft 
6) The water temperature of 11°C (52°F) was a pro-
blem <p. 2> 
Washington, D.C., B737, January 1982, Unanticipated 
aircraft crash into the Potomac River: 
1) Of 79 aboard, 73 died of impact injuries, one 
drowned, and five were rescued 
2) A park Police helicopter arrived at the site 21 
minutes after impact 
3> The one drowning probably did involve the effects 
of immersion hypothermia. The water temperature 
Of near QcC (32°F) was a factor (p. 2) 
The time it took for an effective rescue operation and the 
cold water temperatures in the above accidents, indicate a 
need for a thermal protective life preserver. 
Purpose of the Study 
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The purpose of the study was to develop and evaluate a 
thermal protective life preserver for cold water immersion. 
Objectives 
The objectives of this study were to: 
1> Develop a prototype thermal protective life pre-
server that met the FAA specifications. 
2) Test and evaluate the thermal response character-
istics of human subjects wearing the prototype life pre-
server and a currently used standard personal flotation 
device. 
3) Estimate a predicted survival time for human sub-
jects wearing the prototype life preserver and a currently 
used standard personal flotation device. 
Hypotheses 
The following null hypotheses were tested: 
1) There are no significant differences in cooling 
rate between subjects wearing the prototype life preserver 
and the standard personal flotation device. 
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2) There are no significant differences in heart rate 
between subjects wearing the prototype life preserver and 
the standard personal flotation device. 
Limitations 
The following limitations were recognized: 
1) The study was limited to male subjects, aged 18 to 
35 years. 
2> Only one water temperature of 12.8°C (55°F) was 
used in the study. 
3) Only one air temperature of 21.1QC <70QF) was used 
in the study. 
4) The effect on cooling rate below a core tempera-
ture of 35°C was not determined. 
Definition of Terms 
The definitions of the terms used throughout the study 
are listed as follows: 
Cooling Rate: The slope of that portion of the 
cooling curve that demonstrates an established, fairly uni-
form rate of decline in rectal temperature. 
Accidental Hypothermia: Accidental hypothermia 
is an unintentional lowering of the central body tempera-
ture below 35°C <Boutelier, 1979). Four degrees of 
hypothermia can be distinguished: slight, when the rectal 
temperature is between 35 and 34QC; moderate, if it is bet-
ween 34 and 32°C; serious, if it is between 32 and 25°C; 
and major if it is below 25QC <Boutelier, 1979). 
Donning Time: The time in which an individual 
is able to put on a life preserver. 
Self-right: The ability of the life preserver 
7 
to put the wearer on his or her back, from a starting face-
down position in the water. 
CHAPTER II 
REVIEW OF LITERATURE 
In order to provide protection needed for survival in 
cold water, literature was reviewed in the following areas: 
human heat exchange in cold environments, human temperature 
regulation, physiology of immersion hypothermia, factors 
that influence cooling rate, and various design concepts 
best fitted for protection against hypothermia. 
Human Heat Exchange in the Cold Environment 
The human body exchanges heat with the environment in 
four different ways: conduction, convection, radiation, 
and evaporation. During immersion, heat exchange is mainly 
by conduction and convection; in air, heat exchange occurs 
in all four ways <Boutelier, 1979). 
Conduction 
The flow of heat through a medium or between objects 
in physical contact by the transfer of energy without the 
physical transfer of material is called thermal conduction 
Ciampietro and Adams, 1966). Thermal transfer by conduc-
tion takes place from within the human body to the skin 
surface and from the skin to cooler objects with which the 
body may be in contact. Heat will flow to the cooler sur-
8 
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face to reach equilibrium. 
Convection 
Convection is a means of heat transfer which depends 
upon the movement of a fluid (air, water) over a surface 
that is at a different temperature. Heat exchange by con-
vection between the body surface and the surrounding air or 
water can be reduced by the placement of a material over 
the body surface that would inhibit fluid movement. 
Two types of convection are usually identified. In 
natural convection, the fluid (air or water) flow is a 
function of differences in density within the fluid pro-
duced by differences in temperature, for example, warm air 
rising over a warm surface <Iampietro and Adams, 1966). 
Forced convection, requires external influences to move the 
fluid, such as swimming, movement of the waves, or wind. 
In the event of an accidental immersion, forced convection 
is of greater concern, because of the currents or movement 
of waves <Boutelier, 1979). 
Radiation 
Radiation refers to the exchange of electromagnetic 
energies between facing surfaces that are at different 
temperatures. The human skin functions as a nearly perfect 
"black body'' emitting and absorbing energy to a high extent 
<Hardy, 1949). The amount of heat lost by radiation de-
pends not only on the temperature gradient, but also on the 
area of skin exposed. Best <1979) reported that in a 
standing position about 85 percent of the total skin area 
is exposed for heat radiation. 
Clothing modifies radiant heat loss by altering the 
temperature of the skin surface when the heat exchange is 
occurring. Boutelier <1979> stated that in the case of 
accidental immersion, the heat exchange by radiation is 
negligible when the victim is immersed. 
Evaporation 
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Evaporation refers to the process in which a fluid is 
converted from a liquid to a gas phase, due to thermal 
energy <Adams, 1978). At least 20 percent of the total 
heat loss from man is due to the evaporation of water, 
approximately two thirds from the skin surface and one 
third from the respiratory tract <Maclean and Smith, 1977>. 
Evaporative heat loss from the body can be achieved in 
three ways: insensible perspiration through the skin, in-
sensible water loss from the respiratory tract and regul-
atory sweating. 
Insensible perspiration through the skin occurs by 
the diffusion of water vapor through the skin. In this 
manner, the body loses about 900 ml. of water per day. 
This will result in the loss of 520 kcal of heat per day 
<Green, 1963>. The insensible water loss from the respira-
tory tract amounts to about 400 ml. of water per day. This 
will result in the loss of 230 kcal. of heat per day 
(Green, 1963). 
Evaporative cooling is the only mechanism available 
for the reduction of body temperature in man when the en-
vironmental temperature is higher than that of the body. 
Under severe conditions, the sweat glands are capable of 
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producing 1.5 litres of sweat an hour (Jenson, 1980). This 
would result in the loss of 870 kcal per hour if it all 
evaporated. 
Human Temperature Regulation 
The control of human temperature regulation is effect-
ed primarily by the central nervous system (CNS). The CNS 
integrates the signals coming from the peripheral and cen-
tral thermal receptors and, if thermal imbalance is de-
tected, the CNS activates the appropriate effector mechan-
isms in order to alter the temperature. 
Three stages are involved: first, structures known as 
thermoreceptors or thermosensors sense the temperature 
level of the body. Second, structures known as the thermo-
regulatory centers integrate the sensed temperatures coming 
from the thermoreceptors and activate the appropriate ef-
fector mechanisms. Third, structures known as effectors, 
are capable of altering the temperature. 
Thermoreceptors 
Thermoreceptors are located either in the skin or in 
the body core, especially in the CNS <Houdas and Ring, 
1982). They are termed peripheral thermoreceptors and cen-
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tral thermoreceptors respectively. 
The peripheral thermoreceptors located within the skin 
are sensitive to their own temperature. They provide an 
input for the conscious perception of the ambient tempera-
ture and are able to stimulate the thermoregulatory centers 
to bring about behavioral and/or physiological responses. 
The central thermoreceptors are found in various parts 
of the body. They are most numerous in the CNS, particu-
larly in the anterior hypothalamus. These receptors are 
stimulated by their own temperature and produce an impulse 
discharge related to their stimulation <Houdas and Ring, 
1982). 
Two kinds of thermoreceptors have been distinguished, 
cold receptors and warm receptors. Cutaneous cold recep-
tors increase their firing rate as the skin is cooled and 
cutaneous warm receptors increase their firing rate as the 
skin is warmed. In past research experiments, very small 
areas have been found that respond only to the sensation of 
cold and other areas which respond only to the sensation of 
warmth. 
The number of receptors per unit area of skin surface 
varies with location on the body. The density is gener-
ally higher on the face including the ears and tongue. 
However, regardless of .the regional location, the number 
of cold receptors is 10 to 15 times greater than that of 
warm receptors. In contrast, the number of warm receptors 
in the hypothalamus, appears to be fifty times greater 
than that of the cold receptors <Houdas and Ring, 1982). 
Thermoregulatory Centers 
The hypothalamus appears to be the major thermo-
regulatory center <Hensel, 1981) although other parts of 
the central nervous system, such as the spinal cord and the 
brain stem also seem to have thermoregulatory responses 
<Houdas and Ring, 1982). In the hypothalamus, two regions 
appear to be concerned with heat control. The anterior 
hypothalamus controls the heat loss by means of skin 
vasodilation and sweating when the temperature is rising. 
The posterior hypothalamus is the center for conserving 
heat and heat production. It controls the heat loss by 
means of vasoconstriction and heat production by shiver-
ing. 
The hypothalamus behaves like a thermostat. It com-
pares the temperature at the thermoreceptor sites with a 
central set-point temperature (approximately 37°C) and then 
activates the effector mechanisms that will maintain the 
central body temperature as close as possible to the set-
point temperature. It appears that the intensity of a 
response to a change in temperature is increased if peri-
pheral receptors as well as central receptors are stimu-
lated. Keatinge (1969, p. 55) stated, "that although 
stimulation of skin receptors is necessary for a large 
metabolic response to cold, the size of the response is 
greatly increased by stimulation of deep receptors." 
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Effectors 
The effectors are mechanisms of the body that respond 
to signals from the central nervous system and are capable 
of changing the temperature to maintain a central set-point 
temperature. The effector mechanisms include: changes in 
tissue insulation, changes in the amount of blood flowing 
through the blood vessels of the skin, alteration of muscu-
lar activity and sweat secretion. 
Physiology of Immersion Hypothermia 
The human body loses heat much more rapidly in water 
than in air. The thermal conductivity of water is approxi-
mately 26 times greater than air. Thus, during immersion 
heat is conducted away from the body to the surrounding 
water at 26 times the rate it is in air (Golden, 1973). An 
unclothed man immersed in cold water becomes largely de-
pendent on internal mechanisms to limit this loss of body 
heat. The following section reviews the internal mechan-
isms and other physiological responses of humans in the 
defensive phase during cold water immersion. 
Respiratory Responses 
The initial shock of cold water immersion will produce 
hyperventilation with respiratory rates increasing to ap-
proximately five times the level of pre-immersion rest 
(Hayward, 1983). The hyperventilation response is greatest 
during the first couple of minutes, and by five minutes the 
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respiratory rate is reduced to a level more dependent on 
metabolic rate <Hayward, 1983). This response starts from 
the cold receptors in the skin which act directly on the 
respiratory control center. 
The consequences of hyperventilation can be serious. 
The initial gasping response facilitates the breathing of 
water and thus, the possibilty of drowning. Hyperventi-
lation also reduces the C02 of arterial blood which can 
lead to reduced cerebral blood flow resulting in clouding 
of consciousness and reduced swimming ability <Hayward, 
1983). 
Cardiovascular Responses 
The primary physiological defense during exposure of 
the body to cold is peripheral vasoconstriction. This 
causes a reduction in the circulation of blood in the skin 
and as a result, heat loss to the environment is reduced. 
Boutelier (1979) reports that peripheral vasoconstriction 
is proportional to the intensity of cooling and 
••• affects one, two, or all three arteriolar 
plexi; if cooling is more intense, even some of 
the muscular blood vessels are involved, parti-
cularly in such extremities as the hands, fore-
arms, feet and legs <p. 34). 
The effectiveness of peripheral vasoconstriction in 
reducing heat loss is further increased by counter-current 
exchange of heat between the arteries and veins that run 
side by side in the limbs. Boutlier <1979, p. 34) stated 
the effectiveness of counter-current heat exchange as 
This veritable thermal "shunt" is a particularly 
effective mechanism; on the one hand, the arte-
rial blood reaches the extremities at a low tem-
peratue, so that the heat loss in the extremities 
is limited by the fact that the temperature dif-
ference between the extremities and the environ-
ment is reduced and, on the other hand, the 
gradual rewarming of the venous blood from the 
periphery reduces the cooling of the central 
parts of the organism. 
Most of the heat loss from the body in moderately cold 
water therefore takes place from the trunk and not the 
limbs <Keatinge, 1969). 
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In very cold water <less than 10°C), cold induced vaso-
constriction may be replaced by cold induced vasodilation 
due to the cold paralysis of the vascular smooth muscle 
<Hayward, 1983). This reaction is generally confined to 
the extremities and involves sudden bursts of vasodilation 
which brings a flow of warm blood to the extremities 
<Boutlier, 1979>. However, this condition may be insigni-
ficant to increases in core cooling rate. Hayward <1983, 
p. 6) explains the possible effects of cold induced vaso-
dilation as 
This condition is very obvious from the reddening 
of the skin of subjects during prolonged immer-
sion in cold water. However, this author has not 
observed sudden in~eases in core cooling rate 
commensurate with skin vasodilation. It is 
probable that constriction of deeper vessels in 
warmer tissues is being maintained such that skin 
blood flow is negligible despite skin dilation. 
This rewarming of the skin appears to be considered a pro-
tective mechanism in the prevention of cold injuries to the 
skin (Leblanc, 1962). 
In regards to othe~ ca~diovascular respons~s to cold 
water immersion, the heart rate, blood pressure, and car-
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diac output~are also affected. In the initial stimulatory 
phase, the heart rate increases dramatically and there is 
an increase in arterial pressure and cardiac output, ac-
compained by intense peripheral vasoconstriction <Boutlier, 
1979). Hayward <1983, p. 7> stated that "If immersion is 
prolonged until maximum shivering thermogenesis is at-
tained, the heart rate of nonexercising subjects can rise 
as high as 130 to 140 beats per minute.· However, ashy-
pothermia becomes established, the heart rate and the car-
diac output decreases simultaneously with the drop in body 
temperature <Boutlier, 1979). This cardiac reaction ap-
pears to have no effect on peripheral vasoconstriction, 
down to a rectal temperature of 25mc. Boutlier <1979, p. 
63) stated 
Peripheral resistance shows an opposite change 
from that of the cardiac output, increasing as the 
body gets colder. However, if the rectal temper-
ature fall below 25mc it decreases, showing that 
there has been failure of vasomotor tone. 
Not only is there a failure of the vasomotor tone, but 
death due to cardiac arrest may also occur. Golden <1973, 
p. 80) stated ''In humans, death due to cardiac arrest 
appears to occur between 24mc and 26mc, but there have 
been cases of accidental hypothermia surviving core tem-
peratures of 18mC." 
Metabolic Heat Production 
Under basal conditions when no work is being done, all 
the metabolic energy appears as heat. During physical 
exertion more than 75 percent of the increased metabolism 
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appears as heat within the body, while the remainder of 
energy is converted to work <Best, 1979). 
If an unclothed man is exposed to an environmental 
temperature below 28°C, a rise in heat production occurs. 
This rise in metabolic rate occurs primarily in the skele-
tal muscles, even before shivering is initiated <Best, 
1979). During cold water immersion when shivering reaches 
its maximum at a core temperature of 35°C <Golden, 1973>, 
the overall heat production may be as much as 4.5 times the 
resting rate <Hayward, 1983>. Although shivering increases 
heat production, it also presents problems in conserving 
heat. Boutlelier <1979, p. 32> explains this phenomenon 
as 
The production of heat by shivering is not en-
tirely beneficial. Indeed, rapid muscular 
shaking has the effect of disturbing the boundary 
layer of still water in the vicinity of the skin 
and, consequently, leads to an increase in the 
coefficient of heat exchange in water. In addi-
tion, shivering helps to maintain a higher tem-
perature difference between the skin and the 
water than in the case of passive cooling and 
increases the losses by convection. Finally the 
increased oxygen consumption leads to an in-
crease in ventilation and in the heat losses 
through the respiratory tract. 
When the core temperature is between 27 and 30 ... C, the 
metabolic rate returns to a resting level (Golden, 1973>. 
Cooling Rate 
If protection is not provided in water temperatures 
below 25°C, heat loss over-comes heat production and core 
cooling results <Hayward, 1983>. The cooling rate of hu-
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mans immersed in cold water is largely dependent on indivi-
dual variation. The major factors that influence cooling 
rate are human differences (body size, body build, sub-
cutaneous fatness, and shivering response) and behavioral 
effects (activity and posture). 
describes these factors. 
Individual Differences 
The following outline 
Body Size: Small body size has a greater surface 
area relative to volume. The greater relative surface 
area has an increased effect on core cooling rate. 
Thus, children tend to cool much faster than adults 
<Hayward, 1983). 
Body Build: For any one body weight and fatness, 
ectomorphs have a greater surface area relative to 
volume and thus, cool faster than mesomorphs. 
<Hayward, 1983). 
Subcutaneous Fatness: Extra amounts of subcutaneous 
fatness decrease core cooling rate. 
Shivering Response: There are considerable differ-
ences <intensity and ability of maintaining a high me-
tabolic level) among individuals in their shivering 
response to cold water. Good shiverers tend to cool 
more slo~ly (Hayward, Eckerson and Collis, 1974). 
Behavioral Effects 
Activity: During physical activity, blood circula-
tion is increased to the arms, legs, and skin. This 
causes core cooling to be 35 percent faster than when 
the individual is holding still. 
Posture: In a curled-up position, (arms against the 
chest and the thighs against the chest) the core 
cooling rate can be reduced by a significant amount. 
Design Concepts 
There are basic recurring design features in most 
anti-immersion suits. The primary feature is whether the 
suit is "dry" or "wet"; that is, whether or not water is 
allowed within the suit. Dry suits provide complete 
watertightness and insulation. This usually involves the 
use of a waterproof zipper, neck seals and wrist seals. 
The wet suits are not watertight but retain suitable 
insulating properties. The wet suits involve the use of 
neoprene foam. The dry and wet suit categories can be 
further subdivided into the following subgroups: 
1. Dry suits with little insulation 
2. Dry suits with foam-rubber insulation 
3. Dry suits with air-space insulation 
4. Wet suits covering entire body 
5. Wet suits covering partial body 
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In regard to protection, "dry foam" and "dry air" 
suits were found to be categorically superior to dry suits 
and wet suits <Harnett, O'Brien, Sias, and Pruitt, 1979). 
Also by category, it can be generalized that wet suits are 
superior to dry suits <Hayward, 1978). The dry suits• 
ineffectiveness is due primarily to the compression by 
water which can reduce insulation by 75 percent <Goldman, 
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Breckenridge, Reeves, and Beckman, 1966). The wet suits• 
effectiveness is a result of the insulation of clothing 
made of closed cell foam neoprene. Laboratory studies on 
1/8 inch closed cell neoprene have indicat~d that compres-
sion at a water depth of 2 1/2 feet, would only be 2/1000 
of an inch <Beckman, 1963). 
Other information for consideration in the design of 
protective clothing include the findings from the following 
studies: (1) a study using infrared pictures has indicated 
that the late~al thorax, the upper chest and back, and the 
groin area are the major heat loss areas during immersion 
<Hayward, Collis, and Eckerson, 1973>; (2) a study by Reins 
and Shampine <1972> has indicated that the fit of a suit is 
important because 23 percent of heat loss is due to flush-
ing of water in and out of the suit; and (3) a study by 
Rasmussen and Steen (1983> has found that the donning per-
formances by subjects using an experimental model (sleeve-
less jacket style boating device) were significantly better 
than for those using a Technical Standard Order <TSO) cer-
tified personal flotation device. 
CHAPTER III 
MATERIALS AND METHODS 
This chapter describes the design development, selec-
tion of the sample, experimental design, instrumentation 
procedures, calibration of equipment, experimental proto-
col, test conditions and the data analysis used in the 
study. The objectives of the research were to develop a 
prototype life preserver that met the FAA specifications, 
to test and evaluate the thermal response characteristics 
of human subjects wearing the prototype life preserver 
and a currently used standard personal flotation device, 
and to estimate a predicted survival time for human sub-
jects wearing the prototype life preserver and a current-
ly used standard personal flotation device. 
Design Development 
The design process consisted of a review of litera-
ture, a material search, development of designs, and a 
preliminary evaluation of universal ~izing, donning, bouy-
ancy, and self-righting characteristics of the prototype 
life preserver. A convenience sample of OSU students and 
FAA personnel were used for the preliminary evaluation of 




Information as to the type of materials and closure 
devices used in cold weather survival gear was obtained 
when doing the review of literature. Typical materials and 
closure devices consisted of: waterproof fabrics, closed 
cell neoprene, waterproof slide fasteners, conventional 
zippers, goose down feathers, fiberfill insulation, and 
thinsulate insulation. Manufacturers were then contacted 
by letter <Appendix A> and/or telephone to obtain a sample 
of the various materials and closure devices. 
Development of Designs 
In the development of the design for the prototype 
life preserver, consideration had to be given to all six 
specifications required by the FAA. Taking all the spec-
ifications into account simultaneously, added to the com-
plexity of the design problem. 
The first step in the design procedure was to deter-
mine which specifications limited the amount of thermal 
protection that could be provided. The following four 
specifications were identified: 
1> The life preserver should be capable of being 
donned by an adult in fifteen seconds 
2> The life preserver should meet the airlines• 
weight and storage specifications 
3> The life preserver should fit individuals from the 
5th percentile of adult females to the 95th percentile of 
adult males in the United States population 
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4> The life preserver should self-right the wearer in 
five seconds 
The most limiting specification was that the life 
preserver should be capable of being donned by an adult in 
fifteen seconds. This specification and the weight and 
storage requirements (specification 2) deleted any consid-
eration af a full protection suit. Thus, to allow for ease 
of donning and yet provide thermal protection, attention 
was focused on a life preserver that covered the upper 
torso area. 
The current standard personal flotation device is a 
dual-chamber air bladder that is U-shaped and encompasses 
only the neck area. Complicated retention harnesses are 
used to secure the life preserver to the body <Figures 1 
through 3>. The current standard personal flotation device 
meets the weight and storage requirement, but does not 
provide thermal protection or allow for ease of donning. A 
study by Rasmussen and Steen (1983) found that the mean 
donning time for the currently used life preservers ranged 
from 28 to 37.6 seconds. 
The study by Rasmussen and Steen (1983) also found 
that the mean donning time of experimental models (sleeve-
less jacket style boating devices) ranged from 15.8 to 16.8 
seconds. Therefore, to allow for ease of donning, an air 
bladder was designed as a jacket style bladder <Figures 4 
through 6) with a conventional wide tooth zipper positioned 
Figure 1. Standard Personal Flotation 
Device <Front View) 
A. Dual chamber air bladder 
B. Two 16 gm. C02 cylinders 
C. Adjustable waist strap 
D. Or a l inflation tubes 

1=-i gtJr-e 3. Standard Personal Flotation 
Dev ice <Back View) 
A. High inflatable collar for 
support of head and neck 
B. 1-'Jai st strap 
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Figure 4. Protot~• Life Preser ver 
<F"ront Vi !'2t4,1) 
A. Single Ohomber • •r 
bladder 
B. One 28 9m. co< 
t:::y.Zinder 
C. Oral inflotian tube 
D. F"ront ZipPer 
E. Haot ••• led • re
00 F. Be.z t 
Figure 5. 
Prototype life Pres erver 
CSide View) 
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Figur• 6. Protot~• lif• ~•••rv•r 
<Back View) 
A. High inflatable 
collar for suPPort 
Of head and neck 
e. C1os•d '•11 n•opr•n• 
3o 
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down center front for a closure device. The jacket style 
design was chosen for the sake of simplicity and familiar-
ity so that passengers would instinctively know how to don 
the life preserver. 
A water-proof zipper (open on both ends) was con-
sidered at this time in place of the conventional zipper. 
However, this design concept was deleted due to the diffi-
culty of getting the zipper together. Unlike conventional 
zippers, the water proof zipper had to be turned to the 
inside before it could be fastened at the bottom. Another 
disadvantage of the water-proof zipper was the additional 
cost. 
The second limiting specification was the airline's 
weight and storage requirement. One of the ~urrently used 
personal flotation devices weighs approximately 1 pound 8 
ounces. Typical airline storage space for one life preser-
ver is approximately 5.5 inches wide, 7 inches tall and 
3.25 inches deep. The total storage space is equal to 129 
cubic inches. Figure 7 illustrates the comparison in pack-
aging for the prototype life preserver and the standard 
personal flotation device. 
Due to the limited weight and storage space require-
ments, consideration was given to lightweight materials and 
closures devices which had the ability to be folded com-
pactly, yet provide thermal protection. Polyurethane-
coated nylon was used for the air bladder portion of the 
prototype life preserver. Heat sealing equipment was used 
to bond the polyurethane film together which provided for 
Figure 7 . Package Comparison 
A. Prototype Life 
Preser ver 
B. Standard Personal 
Flotation Dev ice 
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an air tight bladder. A light-weight conventional zipper 
was used for a closure device. One-eighth inch closed cell 
neoprene was used in the lower back region. 
In addition to using lightweight materials and closure 
devices, the jacket style air bladder was designed so that 
the major heat loss areas of the upper torso were protect-
ed. Studies using infrared pictures (Hayward, 1973) have 
indicated that the upper chest and back, sides of the 
chest, lateral thorax, and the groin area are the major 
heat loss areas during immersion. Protection for the groin 
area was not considered due to additional weight and stor-
age space and the extra time that would be required to don 
the life preserver. The air held within the bladder 
appeared to be a conceivable way of providing insulation 
without adding ~dditional weight or storage space. 
Another design concept developed at this time used the 
same style of air bladder, but filled with goose down 
feathers to further improve the insulation value. Goose 
down feathers were considered due to their high insulation 
value and compressibility. However, from a manufacturing 
viewpoint, this design concept was deleted due to the dif-
ficulty of keeping the feathers inside the air bladder 
during the production process. Another disadvantage of the 
goose down feathers was the additional cost. 
The third limiting specification was that the life 
preserver should fit individuals from the 5th percentile of 
adult females to the 95th percentile of adult males in the 
United States population. Studies by Reins and Shampine, 
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(1972) found that thermal protection was significantly in-
creased when a suit provided a close fit to the wearer·~ 
body. Thus, the objective in mind was to provide universal 
sizing and to provide a close fit for the majority of the 
designated population. 
To achieve universal sizing, one-eighth inch closed 
cell neoprene was attached to the air bladder in the lower 
back region <Figure 6). The 300 percent stretch of the 
closed cell neoprene allowed for universal sizing. For 
durability, the one-eighth closed cell neoprene has a ten-
sile strength of 60 pounds per square inch. 
To achieve a close fit for 90 percent of the popula-
tion, anthropometric data <Churchill, Laubach, McConville, 
and Tebbetts, 1978) for males and females were used to 
specify critical measurements. The body measurement for 
the chest of the 95th percentile male was chosen as one 
guideline for sizing of the prototype. To illustrate the 
measurement range for males and females in the designated 
population, the 95th percentile male chest measurement was 
10.8 inches larger than the 5th percentile female chest 
measurement. However, the chest measurement of the 95th 
percentile male provided a close fit for the 5th percentile 
adult female since the prototype greatly contracted in the 
chest area when inflated. The 300 percent stretch of the 
closed cell neoprene in the lower back region achieved a 
close fit for the 95th percentile adult male. 
Another guideline for sizing of the prototype life 
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preserver was the waist measurement of 38 inches. This 
measurement was 14.6 inches larger than the 5th percentile 
adult female and 1.6 inches smaller than the 95th percen-
tile adult male. A large waist measurement of 38 inches 
was chosen primarily to enhance the ease of donning for the 
large individuals in the designated population. When in-
flated, the prototype life preserver contracted approxi-
mately three inches in the waist circumference measurement. 
To provide a better fit and restrict water entry for small 
adults, a belt which could be cinched was attached to the 
lower part of the prototype life preserver. The belt was 
also needed to maintain the bladder tight against the body 
during immersion. To achieve a close fit for the 95th per-
centile adult male, the closed cell neoprene in the lower 
back region provided ample stretch. 
A problem encountered early in the design development 
was that the rough side of the closed cell neoprene would 
cling to the body and not stretch to its full potential. 
To correct this problem, the closed cell neoprene was 
turned so that the skin side was next to the body. 
The other method of providing a close fit for 90 
percent of the population involved the proper location of 
'heat sealed areas on the bladder (Figures 4 and 6>. By 
heat sealing the polyurethane-coated nylon in desired 
areas, the air could be positioned to provide the desired 
amount of air in the areas where fit was critical. Exten-
sive design modification work was done to position the air 
so that the air bladder would remain close to the body in 
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the neck and armhole areas, thereby restricting water entry 
and water movement within the preserver. 
The fourth limiting specification was that the life 
preserver should self-right the wearer in five seconds. 
To achieve the self-righting function, the majority of air 
had to be positioned above the wearer's center of gravity. 
The center of gravity is different for each individual due 
to differences in body build, body size and body fat. 
Thus, to achieve ~he self-righting function, the small fe-
male was considered in determining how high the air should 
be positioned on the chest. Consideration was also given 
to the larger male who required a large amount of air in 
the chest area. A large air mass in the chest area caused 
the life preserver to bulge away from the body; this also 
allowed a larger quantity of water inside the life preser-
ver than was desired. However, the large air mass in the 
chest area helped achieve the self-righting function. 
The heat sealed areas mentioned earlier also served 
to position the large air mass in the upper portion of the 
chest. The heat sealed diagonal lines on the lower portion 
of the life preserver <Figure 4) helped to pull the vest 
closer to the body. Extensive time was devoted to achieve 
the self-righting function and yet provide a close fit to 
the body. 
Selection of the Sample 
The population consisted of ten paid volunteer male 
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subjects, aged 18 to 35 years. A cutoff point of age 35 
was arbitrarily chosen to increase the likelihood of good 
health and physical condition. Table I describes the char-
acteristics of the subjects. To increase the chances of 
the subjects completing both tests, the selection of the 
sample was focused on subjects who had scuba diving train-
ing or on subjects who might need to enter cold water due 
to their profession. Three subjects were solicited from 
the Oklahoma City Fire Department <water rescue team), four 
subjects from the Oklahoma State University Scuba Club and 
three subjects from the general public. Two subjects from 
the general public had no scuba diving training. All sub-
jects were acquired through the FAA subject contractor. 
Each subject gave his informed consent <Appendix B) 
to participate after being familiarized with all the pro-
cedures and purposes of the experiment <Appendix C). The 
study was conducted according to the principles of the 
Civil Aeromedical Institute CCAMI> Human Research Review 
Committee. The safety criteria required that no subject be 
on any medication. In addition, subjects were required to 
pass an FAA Class 2 medical examination given by a FAA 
physician. This examination required a medical history 
<Appendix D>, a physical examination <Appendix E>, and the 
donation of blood and urine for analysis. 
After passing the physical exam, the subject proceeded 
to the survival tank to participate in a trial test. The 
subject inserted a rectal thermistor probe approximately 10 




Subject Age <years) Weight (kg) Height <em> 
JA 31 97.7 180.3 
PP 18 90.0 180.3 
MS 30 87.7 177.8 
KB 25 93.6 180.3 
DB 26 75.0 167.6 
BP 24 74.5 177.8 
MJ 22 74.1 188.0 
AR 23 63.2 175.3 
KT 23 65.9 167.6 
GR 33 72.7 182.9 
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The subject was also instrumented with adhesive chest elec-
trodes <Figure 8) to which wires were connected for the 
recording of heart rate and electrocardiogra~ <EKG). After 
instrumentation was completed~ the subject donned the stan-
dard personal flotation device or the prototype life pre-
server and then entered the water for a 15 minute period. 
This test was to reduce the learning effect and to deter-
mine whether or not the subjects were willing to partici-
~ate in the study. If the subject passed the medical 
examination and was willing to participate~ the tests were 
then scheduled. 
Experimental Design 
Table II outlines the experimental design for this 
study. Two subjects were tested at one time. Two posi-
tions in the pool were selected to ensure that both sub-
jects were equal distances from the water current generated 
by the inlet ports. The standard personal flotation device 
was assigned to Position 2 and the prototype life preserver 
was assigned to Position 1. Each subject wore the proto-
type life preserver in one experimental test and the stan-
dard personal flotation device in another experimental test 
on two separate days. At least one day was allowed to 
elaspe between the two experimental tests. The standard 
personal flotation device and the prototype life preserver 
were tested the same day. This procedure reduced the dif-
ferential effects on deep body temperature caused by day 
to day differences in environmental conditions. All sub-
Figure 8. 
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Experiment Position Position 
Number 2 1 
1 S1/V1 S2 /V2 
2 S:z/V1 S1/V:z 
3 S::s/V1 S4/V:z 
4 S4/V1 S::s/V:z 
5 SI'5/V1 Sb/V:z 
6 S6/V1 S\'5/V:z 
7 S7/V1 Se/V2 
8 Se/V1 S?'/V:z 
9 s.;v1 S1o/V:z 
10 S1o/V1 S,../V2 
Legend: S1 represents subject 1, S2 represents sub-
ject 2, etc.; V1 represents the standard 
personal flotation device, V:z represents 
the prototype life preserver. 
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jects wore standard cotton shorts and athletic supporters 
during the tests. 
Instrumentation 
The subjects were fitted with three adhesive chest 
electrodes <Beckman Well Electrodes, Ag/Ag Cl, Beckman 
Instruments, Inc., Fullerton, CA 77036) to which wires 
were connected for the recording of heart rate and EKG. 
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The CM5 single lead was used to monitor EKG function. The 
EKG cable was connected to remote monitoring and recording 
equipment. The EKG was monitored on an electrocardiograph 
<Burdick EK-5A, The Burdick Corporation, Milton, Wisconsin) 
and simultaneously recorded on a polygraph <Grass Poly-
graph, Model 7, Grass Instrument Co., Quincy, Mass.>. The 
heart rate was also monitored on a heart rate meter which 
averages every four beats <Burdick CSS - 61, The Burdick 
Corporation, Milton, Wisconsin). 
Subjects were required to insert a rectal thermistor 
probe <Yellow Springs Instrument 701) inside the rectum, 
approximately 10 em (4'') for the measurement of internal 
body temperature. The temperature readings were displayed 
on a 3-probe LED digital thermistor thermometer °F <Digitec 
HT Series, Model No. 5820, United Systems Corporation, 
Dayton, Ohio) and recorded every two minutes. Data record-
ing sheets used for recording rectal temperature and heart 
rates are given in Appendix F. 
A BIO-TEK analyser <BIO-TEK Instruments Inc., Burling-
ton, Vermont) was used to check the equipment to assure 
that the hazard of electrical shock to the experimental 
subjects was within acceptable limits. The inspection 
forms are included in Appendix G. 
Calibration of Equipment 
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Each rectal thermistor probe was calibrated using a 
constant temperature water bath <Haake~ PolyScience Corpo-
ration, Evanston, Illinois). The accuracy of the instru-
ments were +-.7cF of the digital reading after calibration. 
Experimental Protocol 
Subjects were instructed to refrain from eating be-
tween midnight of the preceeding day to the end of the test 
period. This minimized the variation in blood glucose 
levels. Subjects reported for their test session at 8:15 
AM. The tests began at approximately 9:00 AM. Performing 
the tests at the same time each day minimized the differen-
tial effects on deep body temperature caused by usual daily 
variation. 
When the subjects reported at 8:15AM, they were 
briefly examined by a physician to insure that their phy-
sical condition had not changed. The physician checked 
for interim changes in health status <Appendix H). Blood 
pressure, pulse and oral temperature were taken. If no 
changes in their physical condition were detected, they 
then proceeded to the survival tank where they were in-
strumented as during the trial test. 
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After instrumentation was completed the subjects en-
tered the water. Each test exposure lasted for two hours 
or until any of the following conditions applied: <A> an 
internal body temperature of 35°C (95°F); <B> an electro-
cardiographic abnormality; (C) request by the subject; or 
(D) discretion of the physician. The behavioral activity 
during exposure was limited to minimal physical activity. 
The subject adopted a face-up, flotation position <Figures 
9 and 10). 
While in the pool the subjects were tethered and each 
had his own individual observer. A physician, a lifeguard 
and a video technican were always in attendance during the 
tests. A team of support personal were also in attendance 
to monitor and record heart rate, EKG, and rectal tempera-
ture. When the tests were completed, the subjects were 
brought out of the water on a stretcher. The vests were 
quickly removed and then the subjects were taken to an 
adjacent room where assistance was provided on removing the 
wet shorts and putting on the sweat suits. During the 
changing of the garments, the rectal thermistor probe 
remained inserted. When the changing was completed, the 
subjects were taken to a warm room where they remained 
until their internal body temperature reached 36.5°C. 
During this time they were provided Gatorade® to drink. 
When the internal body temperature reached 36.5°C, they 
were then allowed to take a warm shower. 
Figure 9. 
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Subject Demonstrating a Face-Up Flotation Po-




Subject Demonstrating a Face-Up Flotation Po-
sition While Wearing the S tandard Persona l 
Flota tion Dev ice 
Test Conditions 
During the period of study, the water temperatu~e 
was 12.8°C <55°F) +- .5°C and the air temperature was 
The variation in water tern-
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perature throughout the pool was held within .75°F. The 
water temperature of the pool was measured periodically on 
all four sides and at various depths. The water tempera-
ture was measured with a rectal thermistor probe <Yellow 
Springs Instrument 701). The temperature readings were 
displayed on a digital thermistor thermometer. The accu-
racy of the thermometer was +-.7°F. The air temperature 
was measured with an air temperature probe <Yellow Springs 
Instrument 705). The air temperature readings were dis-
played on a direct-reading thermistor thermometer. The 
accuracy of the thermometer was +-.1°F. 
Data Analysis 
The subject's rectal temperature for each vest was 
graphed over time. Each subject's rectal temperature was 
measured and recorded every two minutes. Least squares 
regression was used to fit the data to a straight line for 
determining the slope from which a cooling rate per hour 
was established. A paired t-test was used to determine 
significant differences between cooling rate for subjects 
wearing the two vests • Differences were accepted at the 
• 05 level of confidence. 
To determine the rate of cooling, a "linear model" was 
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adopted for this study which involved two parameters: the 
time <t> that internal body cooling was established at 
fairly uniform rates for all subjects (20 minutes) and the 
rate of cooling <r> following this time. The rate of cool-
ing was the slope of the regression line which was deter-
mined from data points obtained at t (20 minutes> to the 
last data point recorded. 
Hayward~s (1975> formula was used with the cooling 
rate data to estimate predicted survival time <pst>. It 
must be noted that the predicted survival time estimates 
are based on the assumption that the linear cooling rates 
established during the experimental tests would continue 
until a lethal level is reached. In this study, esti-
mates of predicted survival time for two rectal tempera-
tures <34.4 and 30°C) were determined based on Hayward's 
(1975> equation: 
lethal temperature)/r + 20 
where t is equal to the subject's rectal temperature at 20 
minutes; r is equal to the subject~s rate of cooling. 
Twenty minutes was chosen as the time interval after which 
all the subject~s rectal temperatures appeared to show a 
fairly uniform rate of decline. 
Each subject~s heart rate was recorded continuously on 
an EKG polygraph. Recorded heart rates were counted using 
the EKG polygraph at the 5, 10, 20, 30, and 40 minute in-
tervals. Recorded heart rates were also counted during the 
last four minutes of each subject~s immersion test when the 
rectal temperature was expected to be minimal. A paired t-
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test was used to determine significant differences between 
subjects• heart rates while wearing the two vests. Dif-
ferences were accepted at the .05 level of confidence. 
CHAPTER IV 
RESULTS AND DISCUSSION 
Chapter IV pr~sents results and analyses of the data 
obtained during the cold water immersion tests. Findings 
are discussed. 
The complete rectal temperature-immersion time pro-
files are shown graphically for each immersion in Figures 
11 th~ough 20. These graphs illustrate the changes in rec-
tal temperatures as functions of elapsed immersion time. 
Graphs showing the absolute rectal temperature over time 
are presented in Figures 21 through 30 <Appendix I>. Se-
parate graphs are presented for each subject. Eac~ graph 
includes the two experimental tests completed by each sub-
ject. The standard personal flotation device is labeled as 
Vest 1 and the prototype life preserver as·vest 2. Out of 
the 20 immersion tests, five immersions were terminated 
early due to cramps, gastrointestinal discomfort or on the , 
subject's request. One of the twenty immersions had to be 
terminated early due to loss of the EKG ~ignal. In gener-
al, re~tal temperature dropped with increased time in the 
cold water. The rate of decline appeared approximately 
linear after 20 minutes of exposure. 
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summarized, in terms of the cooling rate per hour, in Table 
II I. The means and standard deviations are shown for each 
type of desi_gn. Regression correlation coefficients are 
presented for each subject"s rate of cooling by design. 
Percentage of improvement in cooling time with the proto-
type life preserver is pFesented for each subject. As 
data in the table show, the mean cooling rate of subjects 
wearing the prototype life preserver (1.15°C/h) was lower 
than when the same subjects wore the standard personal 
flotation device <1.72°C/h). Differences in cooling rate 
were statistically significant at the .05 level. Reg res-
sion analysis shows that there is a high degree of correla-
tion between the immersion time and the change in rectal 
temperature. Eight out o~ ten subjects while wearing the 
prototype life preserver showed a decrease in the rate of 
cooling over the standard.personal flotation device. 
In order to further evalute the practical significance 
of increased thermal protection, the cooling rate data of 
the present study were used to predict durations to 
"lethal" levels of hypother-mia for ~>'later near 12.8°C. What 
constitutes a "lethal" level of hypothermia has been a 
matter of controversy among researchers. Hayward and 
Eckerson (1984) used a rectal temperature of 30°C as a 
definition of "incipient death." According to Beckman et 
al. (1966) a rectal temperature of 34.4°C is the time when 
conscious muscular activity is lost which can result in 
death by drowning. Thus, for this study, two rectal tern-
peratures (34.4, and 30°C) were used for predicted survival 
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TABLE III 
RESULTS OF COLD WATER IMMERSION EXPERIMENTS 
Regression Percentage of 
Subject Core Cooling Rates Correlation Improvement 
(aC/h) Coefficient of Vest 2 
over Vest 1 
Vest 1 Vest 2 Vest 1 Vest 2 
JA (). 22 o. 18 -0.97 -0.98 18/. 
PP 0.33 0.57 -0.79 -0.98 -42/. 
MS 0.89 0.93 -0.95 -0.96 -04/. 
I<B 1. 08 0.83 -0.99 -0.98 23/. 
DB 1.68 0.50 -1.00 -1.00 70/. 
BP 1.86 1.55 -1.00 -0.99 17/. 
MJ 2.13 1.35 -0.99 -0.98 37/. 
AR 2. 18 1.06 -1.00 -1.00 51/. 
KT 3.06 2. 13 -1.00 -1.00 30% 
GR 3.74 2.43 -1.00 -1.00 35% 
Mean 1. 72 1.15 
Standard 




time estimates which are summarized in Table IV. 
The means and standard deviations for the two rectal 
temperatures are given for each type of design in Table IV. 
For a lethal rectal temperature of 34.4°C, the mean esti-
mated predicted survival time was 6.5 hours for subjects 
wearing the prototype life preserver and 4.4 hours when the 
same subjects wore the standard personal flotation device. 
For a lethal rectal temperature of 30°C, the mean estimated 
predicted survival time was 11.7 hours for subjects wearing 
the prototype life preserver and 9.8 hours when the same 
same subjects wore the standard personal flotation device. 
For both rectal temperatures, the mean estimated predicted 
survival time was higher for subjects wearing the prototype 
life preserver than when the same subjects wore the stan- · 
dard personal flotation device. 
Heart rate data are given in Table V for selected time 
intervals. Upon entry into the cold water all of the sub-
jects had an initial large increase in heart rate. Within 
the first minute of immersion the subjects heart rates were 
35 percent and 33 percent above preimmersion levels while 
wearing Vest 1 and Vest 2 respectively. By five minutes 
heart rates fell to levels slightly less than preimmersion. 
Thereafter, heart rates increased gradually for both vests. 
During the 5 and 10 minute intervals of cold water 
immersion the type of design worn did not significantly 
affect heart rates. However, beginning at 20 minutes of 
the immersion, the mean heart rate for subjects wearing the 
prototype life preserver was 80.8 bpm and 86.6 bpm when the 
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TABLE IV 
PREDICTED SURVIVAL TIME ESTIMATES 
Survival Time Estimates given in Hours 
Subject for Descent to Two Rectal TemQeratLtres 
34.4CIC 30c::oc 
Vest 1 Vest 2 Vest 1 Vest 2 
JA 14.7 19.0 34.5 43.4 
PP 12.0 6.6 25.4 14.3 
MS 3.7 3.9 8.7 8.6 
KB 3.2 4.1 7.3 9.4 
DB 1.8 6.4 4.4 15.3 
BP 2.3 2.6 4.7 5.4 
MJ 1. 7 2.7 3.7 5.9 
AR 2.1 3.4 4.1 7.5 
KT 1.2 1.8 2.7 3.9 
GR 1.0 1.5 2.2 3.3 
Mean 4.4 6.5 9.8 11.7 
Standard 
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Haart Rata (bpm) 
Intarvals (min) 
20 30 
V1 V2 V1 V2 
85 85 85 82 
71 79 72 79 
77 70 88 77 
80 67 86 71 
82 79 79 78 
76 70 81 73 
101 93 120 92 
107 91 107 97 
107 99 107 1 0 1 
77 72 84 74 
86.6 80.8 90.9 82.1 
13.9 1 1 . 4 1 5. 2 1 0. 5 
• 019 .017 
givan at Fiva Timad 
and at Exit 
Exit 
40 Watar 
V1 V2 V1 \) 2 
88 78 94 87 
79 86 100 62 
84 82 102 90 
137 71 103 86 
76 79 83 91 
80 75 88 81 
122 91 120 1 1 1 
107 96 102 86 
105 102 106 103 
89 74 89 70 
9 1. 7 81.0 98.7 86.7 
1 4. 8 1 0. 1 10. 7 1 4. 2 
.038 . 0 1 2 





same subjects wore the standard personal flotation device. 
At 30 minutes~ the mean heart rate for subjects wearing the 
prototype life preserver was 82.4 bpm and 90.9 bpm when the 
same subjects wore the standard personal flotation device. 
At 40 minutes, the mean heart rate for subjects wearing the 
prototype life preserver was 84.0 bpm and 91.7 bpm when the 
same subjects wore the standard personal flotation device. 
During the last four minutes of exposure, the mean heart 
rate for subjects wearing the prototype life preserver was 
86.7 bpm and 98.7 bpm when the same subjects wore the stan-
dard personal flotation device. These differences in heart 
rate were statistically significant at the .05 level for 
time intervals 20, 30, 40 and the last four minutes of im-
mersion. These differences suggest that the prototype life 
preserver aided in providing thermal protection and delayed 
the shivering response to cold water. Less shivering and 
lower heart rates would conserve energy to be available 
later to protect against hypothermia for a longer period of 
time. 
A study by Bynum, Goldman and Stewart, (1980> found 
that the mean increase in metabolic heat production for 
subjects wearing neoprene insulated suits <15 W/m2 ) was 
lower than when the same subjects were nude (130 W/m2 ). 
This suggests that an important effect of additional insu-
lation is to conserve metabolic energy which is associated 
wfth maintaining a given level of rectal temperature <Bynum 
et al., 1980). This study was done in 20°C water over 
a 60 minute period. 
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This conservation of metabolic energy appears to be a 
possible explanation as to why subject PP did not show a 
decrease in the rate of cooling when wearing the prototype 
life preserver over the standard personal flotation device. 
From visual observation, subject PP appeared to have signi-
ficantly more total body fat than any of the other sub-
jects. It is therefore, hypothesized that the subject's 
own tissue insulation plus the insulation provided by the 
prototype life preserver may have decreased stimulation of 
deep thermoreceptors. This may have reduced the intensity 
of a response to a change in temperature. As indicated in 
Figure 12, the subject's rectal temperature appeared to 
level off at approximately 60 minutes when wearing the 
standard personal flotation device and approximately 100 
minutes when wearing the prototype life preserver. Thus, a 
longer exposure time may have showed a decrease in the rate 
of cooling when the subject was wearing the prototype life 
preserver over the standard personal flotation device. 
More work would have to be done to verify this. 
Another subject <MS> also did not show a decrease in 
the rate of cooling when wearing the prototype life preser-
ver over the standard personal flotation device. A pos-
sible explanation relates to the amount of urine volume 
that each subject had during the experiments. When subject 
MS was wearing the standard personal flotation device, he 
had a urine volume of 830 cubic centimeters. When he was 
wearing the prototype life preserver he had a urine volume 
of 300 cubic centimeters. The subject stated that while 
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wearing the standard personal flotation device he had a 
strong urge to urinate. Each time he tryed to relax, the 
urge to urinate would return which would cause him to 
tighten up and shiver. However, when the subject was wear-
ing the prototype life preserver he stated that he could 
relax and abstain from shivering for short periods of 
time. Thus, it is hypothesized that if the subject had 
similar urine volumes during each experiment, he may have 
shown a small decrease in the rate of cooling when wearing 
the prototype life preserver over the standard personal 
flotation device. Again, more work would have to be done 
to verify this. Subject MS was also one of the heavier 
subjects with a greater body mass. 
Based on weight and height alone, it also appears that 
the heavy subjects <JA, PP, MS and KB> would need a longer 
exposure time to see significant differences in cooling 
rate. 
CHAPTER V 
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
This research was conducted to develop and evaluate a 
thermal protective life preserver for cold water immersion. 
The objectives of the study were: (1) to develop a proto-
type life preserver that met the FAA specifications, (2) to 
test and evaluate the thermal response characteristics of 
human subjects wearing the prototype life preserver and a 
currently used standard personal flotation device, and (3) 
to estimate a predicted survival time for human subjects 
wearing the prototype life preserver and a currently used 
standard personal flotation device. 
A review of literature focused on physiological re-
sponses to cold water immersion and various design concepts 
previously developed and evaluated for protection against 
hypothermia. The review of literature was a source of 
design ideas for the development of the prototype thermal 
protective life preserver. Information as to the type of 
materials and closure devices used in cold weather survival 
gear was also obtained when doing the review of literature. 
In the development of the prototype life preserver, 
specifications required by the FAA were used as guide-
lines. The researcher determined that the requirements for 
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self-righting, donning time, universal sizing and weight 
and storage space limited the amount of thermal protection 
that could be provided. In order to meet the donning time 
and weight and storage specifications, a single-chamber 
air bladder that covered the major heat loss areas of the 
upper torso was designed. To allow for ease of donning, 
the air bladder was developed into a jacket style bladder 
with a front zipper closure. In comparison, the current 
standard personal flotation device is a dual-chamber air 
bladder that is U-shaped, encompasses only the neck area 
and has complicated retention harnesses which prolong 
donning time. 
Since thermal protection is significantly increased 
when a suit provides a close fit, means of accommodating 
the need for universal sizing and a close fit were sought. 
Anthropometric data for males and females were used to spe-
cify critical measurements. A material search resulted in 
the use of one-eight inch closed cell neoprene in the lower 
back region of the prototype. The 300 percent stretch pro-
vided universal sizing and helped achieve a close fit for 
the designated population. 
To test and evaluate the thermal response character-
istics of the prototype life preserver and a currently used 
standard personal flotation device, a laboratory experiment 
with ten subjects was conducted. Each subject's rectal 
temperature was measured and recorded every two minutes. A 
cooling rate for each subject in each design was determined 
by least-squares regression. A paired t-test was used tQ 
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determine significant differences between cooling rate for 
the two vests. 
The mean cooling rate estimates of subjects wearing 
the prototype life preserver <1.15°C/h) was lower than 
when the same subjects wore the standard personal flotation 
device (1.72°C/h). Differences in cooling rate were sta-
tistically significant at the .05 level. Regression anal-
ysis showed that there was a high degree of correlation 
between the immersion time and the change in rectal tem-
perature. Eight out of ten subjects while wearing the 
prototype life preserver showed a decrease in the rate of 
cooling over the standard personal flotation device. 
In order to further evaluate the practical signifi-
cance of increased thermal protection, the cooling rate 
data of the present study were used to predict durations 
to two rectal temperatures (34.4 and 30°C) in 12.8°C 
water. Hayward~s (1975) formula was used with the cooling 
rate data to estimate predicted survival time. For both 
rectal temperatures, the mean estimated predicted survival 
time was higher for subjects wearing the prototype life 
preserver than when the same subjects wore the standard 
personal flotation device. 
Each subject~s heart rate for each vest was recorded 
continually on a EKG polygraph. Recorded heart rates were 
counted at the 5, 10, 20, 30, and 40 minute intervals. Re-
corded heart rates were also counted during the last four 
minutes of each subject•s immersion test when the rectal 
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temperature was expected to be minimal. A paired t-test 
was used to determine significant differences between heart 
rate for the two vests. 
During the 5 and 10 minute intervals of cold water im-
mersion, the type of design worn did not significantly af-
fect heart rates. However, beginning at 20 minutes of the 
immersion, the mean heart rate for subjects wearing the 
prototype life preserver was 80.8 bpm and 86.6 bpm when the 
same subjects wore the standard personal flotation device. 
This difference in heart rate was statistically significant 
at the .05 level. This difference was pronounced as time 
progressed. This suggests that the prototype life preser-
ver aided in providing thermal protection and delayed the 
shivering response to cold water. Less shivering and lower 
heart rates would conserve energy to be available later to 
protect against hypothermia for a longer period of time. 
Conclusions 
The following general conclusions were drawn from the 
study: 
1> Under the conditions of the test, the prototype 
life preserver provided additional thermal protection for 
eight out of ten subjects. 
2> The prototype life preserver provided 35 pounds of 
buoyancy as required by the Technical Standard Order C13d. 
3) The prototype life preserver was able to self-
right the wearer in five seconds as required by the Techni-
cal Standard Order C13d. 
4> The prototype life preserver appeared to provide 
universal sizing for individuals from the 5th percentile 
adult female to the 95th percentile adult male in the 
United States population. 
5> The prototype life preserver provided an average 
donning time of 17.5 seconds. 
6> The prototype life preserver met the airlines• 
weight and storage requirements. 
Recommendations 
Based on the results of the study and the review of 
literature the following recommendations are made: 
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1) It appears that the prototype life preserver has 
superior features over the standard personal flotation 
devices currently being used by commercial aircraft pas-
sengers. The features are enhanced thermal protection, 
improved donning time, and elimination of channeling of 
water to the face. Thus, further development and cost 
benefit studies should be pursued. 
2) The prototype life preserver should be evaluated 
for its suitability in air carrier operations, commuter 
aircraft and general avaition. 
3) The prototype life preserver should be evaluated 
using female subjects. 
4) The prototype life preserver _should be evaluated 
at various water temperatures. 
5) The prototype life preserver should be evaluated 
under the conditions of a field trial. 
6) The prototype life preserver should be evaluated 
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CONSENT FORM - HUMAN TEST SUBJECT 
I, the undersigned employee de voluntarily g1ve my 1nfcrmed consent 
fer my participat1cn as a test subject for the evaluation of the 
thermal protective value of prototype life preservers. under-
stand that the tests w1ll be conducted at the Civil Aeromedical 
Institute under the direct1cn of Dr. E. Arnold Higg1ns. Principal 
Investigator. The proposed human research has been explained to me 
to my satisfaction, prier to the execut1cn of th1s Consent Form, 
and I understand that I may w1thdraw this consent at any time 
unless the Wlthdrawal is unwise, dangerous. or 1mpossible. Based 
en the above considerations, I volunteer and agree to perform these 
duties as a part of my employment through Data Mon1tcring Systems 
and understand that I w1ll be quest1oned and examined medically 
prior to being granted clearance to participate in such tests. 
My consent to participate as a test subject in the evaluation of 
the thermal prctect1ve value of prototype life preservers shall not 
be construed as a release of either Data Monitoring Systems or the 
FAA from any future liabil1ty which may arise from or 1n connection 
with the above tests or experiments. understand that the usual 
1nsurance coverage for all test-related activities resulting in 
injuries and 1llnesses w1ll be State Workers' Compensation coverage 
carried by Data Monitoring Systems. 
APPROVED: 
Test SubJect Date 
Principal Invest1gator Date 
APPENDIX C 
SUBJECT INFORMATION SHEET 
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SUBJECT INFORMATION SHEET 
This laboratory studies the thermal protection character-
istics of life preservers used aboard aircraft. We will be 
working with the standard personal flotation device and one 
prototype thermal protective life preserver in these 
tests. We want to know the thermal protection value of the 
new prototype life preserver. We will be comparing the 
prototype life preserver with the standard personal flota-
tion device. The studies will be conducted in the CAMI 
survival tank in 55°F water. 
Your participation will require you to be here three times. 
Today, you will be given a physical examination. You will 
be required to provide a medical history and to give blood 
and urine samples for analyses. 
After passing the physical exam, you will go to the survi-
val tank where you will then be instrumented. Instrumen-
tation will require you to be fitted with adhesive chest 
electrodes to which wires will be connected for the 
recording of heart rate and electrocardiogram <EKG>. It 
will also require you to place a rectal temperature sensor 
device inside the rectum, approximately 10 em <4") for the 
measurement of internal body temperature. After instrumen-
tation is completed, you will put on the standard personal 
flotation device and then enter the 55°F water for a 
15 minute period. 
When you return for the next test session, you will first 
see the physician briefly to assure that your physical 
condition has not changed since your physical exam. You 
will also report fasted <no food or drink expect water> 
since midnight of the preceding day. If no changes in your 
physical condition are detected, you will then go to the 
survival tank where you will be instrumented as during the 
trial test. There will be two other subjects participating 
at the same time. You will be tethered while in the pool 
and have your own individual observer. The EKG will be 
used for monitoring the heart rate and any electrocardio-
graphic abnormality. The measurement of the rectal tem-
perature will be used to determine the thermal protection 
characteristics of each life preserver. 
You will be removed from the survival tank if your rectal 
temperature reaches 35°C or on your request. At this 
time you will be escorted to an adjacent room where you 
remove the vests, towel dry, take off the wet shorts and 
put on sweat suits. During the changing of the garments, 
the rectal temperature sensor device must remain inserted. 
After you have changed you will then sit in a room until 
your internal body temperature reaches 36.5ac. During 
this time you will be provided Gatorade to drink. After 
reaching 36.5ac you will remove the temperature sensor 
device. You will then take a shower and get dressed. 
After the test, you will be held for observation for 2 
hours. During this time you will be offered additional 
fluids to drink. Cold water immersion increases diuresis 
which will cause some dehydration. 
During the test, you will be photographed on video tape 
above and below the water. 
RISKS. During the exposure to the cold water, there 
could be discomfort and intense shivering. Due to the 
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'Water immersion and to the cold, there will be significant 
shifts in the body fluid com- partments. This could lead 
to changes in the heart rate and rhythms. These could 
range all the way from insignificant changes <which is 
usually the case) to changes serious enough to be life 
threatening and requiring immediate medical intervention 
and treatment of the condition. The probability of a 
serious response is highly improbable. The capability for 
medical intervention will be immediately available at 
poolside. During rewarming, after leaving the cold water, 
the body fluids are again redistributed and the same 
hazards of changes in cardiac rhythms are again present. 
Also, during rewarming there could be discomfort produced, 
especially in the extremities, due to the change in blood 
flow and temperatu~e. 
During the exposure the body will become dehydrated. As 
stated above, drinks will only be provided after the water 
immersion to replace body fluids and some of the 
electrolytes. · 
While in the water wearing electrodes and probes which are 
connected to recording equipment, there is a potential 
hazard of electrical shock. Proper grounding and isolation 
techniques will be used to control this hazard and prevent 
any injury to you. 
Due to the water and wet feet there is an increased possi-
bility of slipping and possibly falling. We ask that you 
be aware of this and take extra caution. 
The pool that you will be tested in is 14 feet deep, but 
the vest, tethering and personal observers are designed to 




APPIIDVED STANDARD PDAM 93 REV. DCTOBEA IW4 
GSA -A 101-11.8 DFFICE DF MANAGEMENT AND BUDG£1" No. &aolll 
REPORT OF MEDICAL HISTORY 
(IIIII -IS .. llfRCIAL .. ..-LY.-..Dai!AL UIEOIILY- Will.- KIEWIED 11t-,_., 
1. LMFNAM_AST_IIIDLI:NAMIE : 
3. HOME-IISIN&-.,-,...,..,_-.-ZIP CCHID 
I. PU- DF IIIAIIINATIDN &. DATE DF IIIAMINATIDN •7 -·-~-.... 1ra1 u I 1 --
L STATIEIIIENf DF IIIAMINIIE'S I'IIIIINI'IIIEAL1H AND MIDICATIDNS CURRENTLY UIID II'.._ 11JP _,.,.,..,of....,~ If _,_ .._, 
t. MVIE'RIU_,_ ___ 10. DDYDU,_ ___ 
YD ND 
~-- ~ ND ~--
~----- ------CauiMdiiP- --~~~--_ _....,_.....,. ___ . .... .... --- -·--IF ·.._._ -·-----11. MVIEYDU -IIADDII MVIEYDU _,__.,_., _ _, 
YD ND 
IIDN'T - ~-- ['Ill ND DDN'T ~ DDN'T - ~-- ND - ~----·--- ~ ... ,.., ... ------ FNII_..........., --__ ......,....,... --··-- -F---- ... , _____ ......,...c-.-, ____ .... J-............ ....._,., .. ... - ----...... car.tn~n.-• .. ,...._ ... ---- -- ,.... _____ -.....- -- .,..._ ___ ----- . ..-.-.- .._., ___ ----- .........,_. __ ., __ ·- ---- Pwtolla Ill ............... -- F-•fl8lnflllu-_......., --...--12 -- ~-•-llluot• TIIJnlld- ........ _ ... _- ~----- - ....... -., wollllt _.,_ ---··-........ _ ... _ -.~~~n~---......, --- ~ .......................... - .._.,._ .... 1.2. .-u!IIDNLYlMVIEYDU--- ............................... ---·--~~~~~~---- --- -·-·--






YES NO CHECK EACH ITEM YES OR NO. EVE11'T ITEM CHI!CKID YIS MUST BE FUU.Y I!:XPIJUNI!D IN ILANK SPACI! ON RIGHT 
IS.H ____ omplaymoator 
bMn unable to hold a job cw stay In ---of: A. Sonoltlvlty ID _....., d- oun-
ll&llt.oiL 
LlnUIIitriD....,_, __ 
C. lnUIIItpiD- certain_._. 
O.OIMr--(lr,..,.,.. _, 
111.==--t-,.,...-
-.,.. ~~r:t ._np- -· 17. "- - - - -~~~~ life 1-
:l,J" - - - - .,.. 
IL ~":"0:.::'~='.== 
-,.,. -- ...,icll _ __, 
lt. "-----...-~·--oi-l (ll,..,o_.ty..,..,, ..,.,., ...., ....... _., _ ... . .-----1 20. H-----111- or lnJuoy 
~~~~~...:..-:x..-:=r J~ Zl.H ____ ar __ .., 
dlnlcl; phyolclono, _,_ or atiiW 
p--lnthe_S_ .. ,..,. 
=:;,:.on ;;:,r;:.u~J. ~ .. ,__--., 
22. H---- ,......., ,.,.. mtlltooy 
....,._ beuuae at pbJalcaf, tn1111t.1. or =. 7:.""".-U.r"' .,.. dlltl -
21. :.=-..=. ~-.,r-:g=. 
, or other NMonlll Clf =-=: 
=-~.J/::~~~~g__; 
,.,.. u-or u__,lltp,} 
14. ----··-Pend-:..=.= IP!IIIId foto C:: or ,.,..-··d ·~ _8-'r _____ Dr ---... --,..~ 
I_,- I --tile,.._..,....,;,.,...., ..._.lod..,-- -It II--_..,..... 1D tile- 011 IIIJ' .._......, 
l·--oltlle-lloopitlll,arcllnlc8--1Dfu_tlle_o_..,.....-.&oi111J' __ ,.,.._ .,...-,....,.....,._,.,.._........,.,_ __ 
T1P1D 011 Pllltni!D NAME OF EXAMINIIE ISIGM1VRIE 
Nan: HAND TO THIE DOC'IOII OR NURII!. OIIIP" MAILI!D MARK I!NVI:LOI'I! "TO liE OI'I!NI!D IY MEDICAL OPI'ICIR ONLY.• 
zs. ....,._. • ...........,--"' .. 1*11--(,_,., ·-- 011 .. ---"'- tilt ..... 24. ,.,,...,.., _,. ~..,, __ ,. ___ ...,ft-.lle_i _________ ~
TIPID OR PIIINTEO ltjiMIE OF PHYSICIAN 011 
EXAMINIEII 





REPORT OF MEDICAL EXAMINATION -
-{!,~lAST NAME-fiiiST NAME-MIDDLE NAME Z. GRADE AND COMPONINT OR POSITION l. IDEIITIFICATIOH NO. 
1-
{!)loME ADIIRESS (NtoMW,- w BrD, c11J ot llloa, - nd ZIP~ ~RPDSE OF EXAMINATION ~TE OF EXAMINATIDN 
{JI- ILMCE lt.111TAL YIAIIS -IIIIIT- 10. AIEIICY 111, OIIGAfjJZATICIN UNII' 
l"urARY 
,_ 
~DA1EOI.III'II ,.l. I'WZ 01 -- I'- IIAIIE. IIILA-P. AND ADIIIIISI 01 IIEXI' OF KIN 
IS. EXAIIINM FACILITY OR EXAIIIMR.- - lf.OTIIEIIINPIIRIIA'IICIN 
nilE IR THIS CAPACITY (f'alal) 
I I 
L CLINICAL DAI.UATIDO lfO'r&S. c:::-.::.~:a:z:~,.,.~~·-·-=~=-~::11~~.,. ... ,. 
=: '';:=~ ::"~~·'},"P""'~~ .. ~- I"~~ 
IL NIAll. FACE. NICK A11D SCALP 
ILIIOSIE 
ID.-
II. IIOUTH AIID ™-T 
ZZ. EAIII-GINIIItAI.!!:i.•.::;,.~J,J,.t~ 
II. 111111111 (POr/INHn) 
a EYD-4111DAL ~ ..... -:.-::=:::-
II. DPIIT*LIIOSCIDf 
IL PUI'ILS ,....,.., • ., -~ 
"/1. DCULAN MOTILITY!!;:!:.="' -
II .._AIIDCMIIII'(,_-.J 
II. -NT (ftrul, M, •'-"-. -u) 
a VAICULM S'ISIDI C~*·l 
Sl. AIDOIIIII AIID- 1-*krell) 
II. ANUS AND IIICTUM tt........_ J!"'-1 ··--Me-uiYSnll 
S9. UPPIR IICTIIIIIII'ID ~ -e/ 
.. FEET 
"II. UIWENIXT-ma,=:.::,._,_ 
a 1ML - IIUIICULCIIICIUrAL 
Sl. IIIINnPYINII-IIANIIS.- TA'"-
•• -.LYII-11CS 
41. NIUROLOIIICc........_ ........ .._,., 
&NYCHIATIUCCI...--. ........ ......_1 
0. I'II.VIC(--(C!Nol ... -) o-..... CIIIICTAL (CroaiiAuela Item 73) 44. _.-AL(,..__......,.,__., __ ., _____ .........,.) 
-A-ANDADrm-..a.TAL --- ;uJ:~=- fiXIl-,_lrllltr,-ao IIIFICI'S - ·-,_ _ ----R 
• 7 I I • ID L I I z , • I II IZ II •• II II E • • 31 3D • • "II II II M D • II II It II 17 , H T T - ...... 
f~_-'11111, A. SPII:IFIC 8MVITY 
44. CMIIII'lWIAY ( ............ _... ___ 
L AUUIIIR ···-C.SI80 .,,_,.(allloflt ... __ _, 
~ , .. =-TWIIAIIDIIII ~HIR"IIS1S He.~ #6J W.CC-
p;.f; if- j., rl/c.4. 'f-tlrL 
91 
MEASUREMENTS AND OTHER FINDIN8S 
~IIGIIT ~HT I 5I. COLOII HAll I,._ ax.otl EYU ~II.D: 1)1 11.111-eokcme) .... DIUM 1 HEAVY 1 OlliE rPDAtuRE 
(it,) II.OOONISSUIIICAtaaa..c- la_) PUUE (At• a -lmll 
A. lsn. I .. lsn. c. I sn. r A. SITTIIIQ I'· U1DIEXIIICISIE c. z MIN. ..,.,. I •• RICUMIEIITIE. AFTER .......... 
-~- I "=- I DIAl. ~·='11- I 
lMIN. .. DISTAIIT- .. --· ........ ,., I\' s. ex IDT71J/ COIIII.108/ .., s. ex 
11.11. ...... -DIY . 
a. ACCOMMODATIOII ... --~---_, - IDT .. FIII.Df#- fi.IHHT- ~--atul_.) 
fl9 IOU- 71. ·-....rwv ~· S'l ~· -- 1- - - -,. ·- - -
IDTWV ~· S'l n• -IDT 
<eJ- (CIIIolfaM) --OIIIIITIIIVIIL IIISTDII't 
(Uio __ ,_.,, 
7&. SIMMUYf#Dini:IS--(lolol _____ ) 
7L ---.ui!THIII-EXAM .. .._IRIIICATID (Spori(J) 
<!9 .. -- (Qoot) 
A.01SQUIILiflm-
I. 0 IS-GUAUfiiD RIR 
11. II' MOT QUAUFIED. UST DISOUALlmiiG DEPICTS IY 1TD1 NUM .. 
71.TTPmOII-UIIIf#I'MYSICIAII ~ 
& 1"Yff£D 011 PltllfTED UME 01 Plft"SSCWW SI-TUIII 
ft. TTPmOIII'IIIIITIDIIAIIlM~OII "''I'SIC!AN (_ .. ldl) -TUIII 





........ , -- I\' .., 
PC PO 
~~. .................. UIICDRRfCTED 
(ftiiUIIhU_,•) 
COARU:I"ED 
II. RIDI.EIISTEST •• INTRAOCULAR 1IIISICII 
7Z. PSYCHOI.DGICAL AJIO PSYCHOIIO'IOA 
(Tnll-•tul-•1 - -.... ., .. 
71. A.I'II\'!ICIIL-.u 
• I u I L T NT • T 
I I I I I 
a. PII1'SICIL CATUOIIIT -
• l • I c I E 
I I I 


































-r;. If/? 77,.-,e ~ #/( . 77.mc:. ~~ #/i' 





~-~ 1 o'i 
6:2. Jt"J 6 
t.Jf '" ~ 
/,/, J I 0 
1,';5' II;!._ 
7o II if 
7;?... JJ.t 
74/ Jlfr 












SAFETY INSPECTION FORMS 
94 
bT\.c Baptlat Medical Center Defibrillator Inspection Form 
lOCATION ....:.fA::;.:.;.;fr_,;;;C~(;r.;..iv\;....;..;t:::;.... __ $UIAL NO. 0 U f$"OZ.z 
VISUAL INSPECTION 
I, ATTA CHMENT ~LUG 
2. LINE CORD & URAIN RELIEF$ 
l. PADD LU, CAILU. 6 CONMECTORS 
•· fUU 
s. COND tfiON OF CONTROLS, INDICATORS 6 MUIR 
RA~ CONDITION 0~ ltt$TRUIIE_NT 
1, EL£C TRODE ~ASTE OR SA\IME ~AI\)$ 
I. PD~I liON 01' CONTROL$ 
OPERATION 
OFfl OM 
1/o"f ¥-rz-1-~ •· A.-b !.c.-
·.~ *' . u .. ,. .. _,...,, R•-••4 "•'••" 
10. olfAlAGf C:URRENT TO I"AODLES IC.,cle ""ecceflteltle .,.lvea): 
ON 
........ , "--'•" 
u .. ,,._. ..... ·. •••••••4 ..... , •• , 
II, CHARGING TIME TO MAXIMUM ENUGT SETTING: 
---...a:.' a;.b~:$ec... :; 7 D .... c. p,••••v• Velve ----Sec. 
95 
ACTION I 
"•' I ...... 4 ....... 4 , ...... ' 
c ....... Me. 
D••• el ... ,,.c.,_: · 
1 tu:. ~-.~ o 1q Rs-
N••• hoet/ecto.,. o ... : 
ACTION ACTION TAKEN 










. CURRENT BE'NEDJ PADDLES 
OFF ON 
96 
DC 0.1,.,.,11.,.;, 11!••"- F- $otle 2 ACTION ACTION 1UfN 
OK NEEDED ID••• & '-••••"'' 
II. INitRNAl DI,CHARGE OF STORED ENEIGY WA 
11. OUIPUI ENERGY l••tt• .. cMtlol 
CONTROL INOICA1f0 DELIVERED PREVIOUS 




j'o:r ~ 1 a.::f 
~ 1-iMM\ ~ AAI;1 -f. 4 ;u clltr ;L~ 
14. fNIRGY OlLIVERED A'TER I MINUTE, MAXIMUM lETTING.- W•S.c, ·-.. U • 0.5"• ' " ~UI-~c Nc. f\. Ou1r111 Or UNTH ~EPEATEO DISCHARGE, MAX, SfTTING:- w.s. •• 
h •• S-YNCHRC'NilU OPERATION "'" 
t'... ~ .,-- G t:.4, /)_ ,.,..aA~ v ~- {\ 11. CUtlfR rrA1URU 11,_,,,,) 
eu ~.u.J.Jo ,/ -J 
1 llMMI NTS & Pf\CRIP110N OF DEfiCIENCIU (Refer •• I•• .. .,-.,.) ---------------· 
~ INSIItiCTED IT .&.~.--..'7'-"""'~--=~=;.c;,.-------
t= K l:j INSPECTION 
Baptist Medical Center 
INSTRI*fNT MAN~lJ'f!Dic/~ I 
TEST 
m 
r f GROUNDED 
~qvac..-a.oa 
NORMAL POLARITY 
On 1ou CAS£0·'1. Q•1-l!A 
GROUND LIFTED 
NORMAL POLARITY 








----t[ t=_:j E 0) 








: ~.-sl o.{~ 
RL ?" •• - X" 
LL 'JiG .... 
c ,' I ''-::: 
RA-RL L.l ·~ I~ '.~ .. 
t-mfl 






Rod--..,-.- 10.- 1011A lw c-. 1 ·--
---~ ..... ~-~E­Sohty c:.M.. 
CAUTION: ISOLATE ALL PATIENTS WITH ANY TYPE INDWELLING CATHETERS BY 
DISCONNECTING ALL EQUIPMENT WITHIN POSSIBLE CONTACT OF THEM BEFORE 
MAKING TESTS. 
BMCBM-6 




t::: K.l..::J INSPECTION 
Baptist Medical Center 
INSTRUMENT .. 1iu?GJ5 1 ck- 1 
TEST 
rf1 
II m ] ____ ____..1 ~ 
/" I GROUNDED 
(:::lH.d..-0.06 .a-
-MAL POLARITY 
on 1ou CASE Q•}O.J !!A 















LL ~ < .---
r<> 
L- 1 !KIIillon ot normol _..,_ 
I I RA __, 
IV _ca:J ~-~ 
m LA oE 
WIP•tlent c:..t>l• 
v -----tl I=d < ® 
L 11!iV ~ 
rJ ACIOHJ 
b1\ 
c ,q ~ 
RA-RL~A 







No .. , ......... .-.. 
inti T-v . .--
...... fac!or 
33, t; IJA 
' 
~ A A ~ A A 
Red_._....,._to_1011Ar..~1r ..... • o • Ia--c:..lolomio .._.,,_ .,-y E-
w.tyCoa 
CAUTION: ISOLATE ALL PATIENTS WITH ANY TYPE INDWELLING CATHETERS BY 
DISCONNECTING ALL EQUIPMENT WITHIN POSSIBLE CONTACT OF THEM BEFORE 
MAKING TESTS. 
BMCBM-ti 
1 Oct 1974 
...0 
co 
t= K l::J INSPECTION L rAA-__ C!jMI -··L /hr-8.5 
Baptist Medical Center I WJ~k/64_ I S~R·~i'ZS!o J P£7i!P#t!E 









Wl'•"•n• c.ta ---tl - t:=d .. 0) 












CASE D·3 o.} "A 
ALL O·cel (T,~A 
: ~.£lo.r:~ 
RL "'·~ 1"''1JIA 
LL k' r--
c ,/ I ~--
1-mfl 






On 10, 0•3: D·}IIA 
o.~lo·wA 
0 ·~ I "IWA 
RIEVEIUiE fOLAR1TV 
On 10" 0•.3 O·}IIA 
0·\ j o.fi;A 






CJ. > () ,<JA 
I 
Rod--..-.-10-1011A._ ~ ,,__ 
Ia- wi1h CaMfomio ..__.,_..-.-.,IE__. 
w.sy Code. 
CAUTION: ISOLATE ALL PATIENTS WITH ANY TYPE INDWELLING CATHETERS BY 
DISCONNECTING ALL EQUIPMENT WITHIN POSSIBLE CONTACT OF THEM BEFORE 
MAKING TESTS. 
BMCBM·6 
1 Ocl 1974 
·.0 
...0 
Baptist Medical Center 
GROuP OR COOE -.LVSER 
IDENTIFICATION GROUNDED GROUND LIFTEtf 
OR DESC::l,PTIOi\1 OF INSTRUMENT OR EQUIPMEt. T 
SERIAL NUMBER lncludl Model Numbat NORMAL POLARITY NORMAL POLARITY REVf~LARIT' 
M1 \l-)(o Gzt?Ass MoDEL 1 '~.:pfk OF a=~ OJJ 6Fp ro.AJ 4:10 • 0·~ }o·<;_~A I)• .J!:e:.A 
I I 
~~.~ ~~,.~c.1.. C-GS -f. I C~To.a.L.. 0 IHI- ~4••A~ Q.f_/ (J.~ ~A o.<;Jo.~~A 
'S~cs.ie.~ o...\.\ {o~~e:r "' I I ... 0441·o/at Q•'.j.ftJ.( ~A o--sLo. (~A . I I 
~A i'A ~A 
a. A I• A uA ---
~.oA ~A uA --· 
IJA ~>A ~A 
,,A IJA ~A 
uA &JA uA 
I•A a: A I• A ---- ------ --
I• A "A ~A 
I· A 11A ,.A 
--- ...... -- .... 
CAUTION: ISOLATE ALL PATIENTS WITH ANY TYPE INDWELLING CATHETERS BY 
DISCONNECTING ALL EQUIPMENT WITHIN POSSIBLE CONTACT OF THEM BEfORE 
WAKING TESTS. 
Alii I•,.. •Adlclll• ,. ...... "''t 10 •"_. 10 .. A lot Ct ...... .....,.,.,.,._. 
IR M:COIMIICe "'llh C .. 1IGf'n .. HaepelM AIIOC .. ttan pr .. ""•nat"W lt••oell 
SofoiY Code. 
[!•JCLUA-7 
I Ccl 1974 
. TEST I 







Date -----' ----- -----
Subject IF ----- Condition -------------------------------------
Initials -----
EXPLAIN YES ANSWER BELOW 
1. Have you had a physical or medical problem or illness 
this past week? 
2. Have you had an upper respiratory infection or 
congestion this past week? 
3. Have you taken any medication in the past 3 days? 
4. When did you drink an alcoholic beverage last? 
5. Are you presently experi<'ncing nny: 
a. Fatigue 
b. Drowsiness 
c. Muscle weakness or soreness 
d. Stomach upset 
e. Constipation 
f. Headache 
6. How long did you sleep last night? 
7. How well did you sleep last night? 
8. How many cups of coffee have you had today? 
9. When did you eat last? 
List foods: 
1. yes no 
2. yes no 
3. yes no 
4. 
'i. 
a. yes no 
b. yes no 
c. yes no 
d. yes no 
e. yes no 
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